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SUMMARY

RESONATORS

3.6-INCH

I1143L38

A preliminaryinvestigationhasbeenconductedat a Machnumber
of1.90to determineif13elmholtzresonatorscanbe usedin a typical
rm-jetconfigurationto damppressure pulsationsassociatedwithshock
oscillations.

Oneof thetworesonatorseffectivelydampedpressurepulsations
thatoccurredwhentheramjetwasoperatinginthevicinityof itspeak

. pressurerecovery.Thisdampingresultedin an increasein total-pressure
recoveryof 4 percentandconsiderablyreducedthemovementoftheshock
at thediffuserinlet.I?eith=resonatorwaseffectivein dampingthe

, pressurepulsationsovertheentirerangeof ram-jetoperatingconditions.

INTRODUCTION

Rsmjetsoperatingatmam:flowratiosbelowthatof peakpressure
recoveryoftenexhibitunsteadyflow phenomena.TMs condition(camonly
referredto asbuzz)is characterizedby shockoscillationsandby
pressurepulsationsof theairflowingthroughtheunit.

Severalinvestigatorshavereportedon thecharacteristicsof
buzzingramjets(forexample,references1 to 3). Reference1 indicates
thatthefrequencyof theshockoscillationandpressurepulsations
maybe calculatedtheoreticallyby an analogytotheacousticproperties
ofa classicalHelmholtzresonator.Theexperimentaldataofreference1
showgoodcorrelationwiththeoreticallypredictedfre~encies.
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Eliminationofthepressurepulsationswouldextendtherangeof
stableoperationof supersonicdiffusers.Severalmembersof the
NACALetislaboratoryhavesuggestedforthispurposetheaddition
of a Helmholtz-typeresonatorupstreamofthecombustionchamber.This
reportpresentstheresultsofa preliminaryexperimentalinvestigation
conductedin the18-by 18-inchsupersonictunnel(Machnumber,1.90)
oftheLewislaboratorytoestablish:(a)whethertheadditionof a
resonatorwouldpreventtheoccurrenceofthebuzzphenomenonin a
typicalsupersonicdiffuserunderanyoperatingcondition~(b)the
effect,ifany,oftheresonatorontheperformancecharacteristics
ofthediffuser.Inaddition,theinvestigationprovidesa further
correlationofexperimentalandtheoreticalbuzzfrequencies.Thescope
oftheinvestigationwasconfinedtotheeffectsoftwospecific
resonators.
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SYM80LS

Thefollowingsymbolsareusedinthisreport:

area

areaof diffuserinletwitiaspikeremoved

velocityof sound

frequency

lengthof neckofresonator

effectivelengthofresonatorneckusedin calculatingrsm-jet
buzzfrequencies(equation(3))

Machnunber

mass-flowrate

totalpressure

areaofneckofresonator

volumeofresonatorcatity

effectiveresonatorvolumeusedin calculatingram-letbuzz
frequencies(equation

ratioof specificheats

.
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Subscripts:

0 free-streamconditions

1 diffuserinlet

2 combustion-chsmberinlet

3 ram-jetoutlet

THEORY

Characteristicsof a Helmholtzresonator.- Thepropertiesofa
Helmholtzresonatorof thetypeshownschematicallyinfigure1 canbe .
foundinanys’~dardtexton sound(forexample,reference4). An
expressionforthenaturalfrequencyof an

Jfn=& &

idealresonatoris

Ifa correctionfortheopenendoftheneckis
becomes

An exampleoftheuse ofa Helmholtzresonatorto
of a givenfrequencyisreportedinreference4.

(1)

introduced,equation(1)

(2)

attenuatesoundwaves
As shownschematically

infigure2,a soundwaveintroducedintoa channelatA isprevented
fromcontinuingalongthepassagebeyondB by thepresenceofa
resonatorBC tunedtothefrequencyoftheforcedvibrationatA.

Whenappliedtoa ram-jetconfiguration,itwasintendedthatthe
presenceof a resonator(tunedtothenaturalfrequencyof theairmass
flowingthroughtheunit)wouldattenuateinwholeor inpartthe
pressurepulsationsassociatedwithbuzz. Itisnoted,however,that
t-heextension of a theorydevelopedforacousticalvibrationsto
pressuredisturbancesof largeamplitudeis subjectto someerrordue
tothefinitestrengthof thedisturbances.

.
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Themechanismofabsorptionofenergyby a resonatorisnotwell
understood.Onetheoryisthatthedampingof a pressurepulsation
by meansof a tunedHelmholtzresonatorisaccomplishedby a dissipation
ofthepulseenergyintothermalenergyby frictionwithintheneck
of theresonator.Accordingto thesimpletheoryrepresentedby
equation(l),a tunedresonatormayhaveanydimensionssolongasthe
ratio S/LV isheldconstant.Relationsdevelopedinreference5,
however,indicatethattheefficiencyof energyabsorptionisdependent
on thesizeof theresonator.No attemptwasmadeinthepresent
investigationtodeterminethisoptimumsize. [

Predictionofresonantfrequencyofa ram-jetconfiguration.-
Themethodofreference1 givesthefollowingapproximateequationfor
thedeterminationof thebuzzfrequencyof anisolatedram-jetconfigu-
ration:

.

4{%pfl:-TAf12&(3)~& +A2T —ftheo~ ‘$~ IT

.
Thevaluesof 2,v,Al,and AZ usedinequation(3)eredetermined
by thegeometryof theram-jetconfiguration.Thisequationisappli-
cablewhentheslopeof thecurveof combustion-chsmbertotalpressure .
as a functionof diffusermass-flowrateisgreaterthamor equalto zero.

APPARA!RJSANDPRocErmE

ThisinvestigationwasconductedintheLewis18-by 18-inch
supersonictunnel.Froma previous calibration,thetest-sectionMach
numberin thevicinityof theinletwasdeterminedtobe 1.90witha
maximumvariationoftO.01.Inlettotslpressuresslightlybelow
atmosphericandinletstagnationtemperaturesofapproximately150°F
weremaintainedduringallruns.

Therem-jetconfiguratfonusedinthisinvestigation(fig.3) is
thesameas thatusedinreference6. A projectingcentralbody
designedtoproducenearlyisentropicsupersonicdiffusionwasutilized
to compresstheairaheadoftheinlet.
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A photographof thetworesonatorsusedinthisinvestigationis
. showninfigure4. Thelargeresonatorhada neckofl&inchinside

dismeterandwas15 incheslong.An 8-inch-inside-diameterpipe
fittedwitha movablepistonwitha maximumpistontravelof 22inches
comprisedtheresonatorcavity.Thesmallresonator hada 7/16-inch-
inside-di~eterneck15.3incheslong. Theresonatorcatityconsisted
ofa &inch-inside-diameterpipefittedwitha movablepistonhaving
a travelof 20 inches.Bothresonatorsweredesignedtobe tunableto
frequenciesaslowas 20cyclespersecond,asdeterminedfrom
equation(2). Duringtestrunstheresonatorswereconnectedtothe
subsonicdiffuser3 inchesupstreamof thecombustion-chamberinlet.
Theresonatorneckswererunthroughtheuppertunnelwallandthe
resonator cavities weremountedoutsidethetunnel.

Instantaneousstatic-pressuremeasurementsweretakenin the
combustionchsmberandrecordedbymesmsof a dis@uagm-t~epressure
pickupfedthroughan amplifiertoa magnetic-penmotorendrecorder.
Staticandtotalpressuresoftheair enteringthecombustionchamber
weredeterminedby meansof a 40-pitot-static-tuberekearrangedin
eightsymmetricallylocatedradislrows.

Observationsof theairflowinthevicinityof the inletwere
. madetisuallyby meansof a two-mirrorschlierensystem.High-speed

schlierenpicturesweretakenatsignificantdatapointswitha
16-millimetermotiecameranmningat approximately2000frsmesper

. second.

Pressure-recoverycharacteristicsof theram-jetconfiguration
weredeterminedatvariousoutlet-plugsettingsfortheramjetalone
andfortheramjetwitheachofthetworesonators.Foroutlet-plug
settingsatwhichbuzzoccurred,theeffectivenessoftheresonators
indampingthepressurepulsationswascheckedby varyingtheresonator
volumewiththepiston.Theconfigurationbuzzedat alloutlet-inlet
srearatiosA3/&3 below0.615,whichcorrespondstopeakpressure
recovery.Thisfactwasverifiedby schlierenobservationandby tine
recordoftheinstantaneouspressurepickup.

RESULTS

Instantaneous

ANDDISCUSSION

PressureMeasurements

Reproductionsof thetracesof instantaneouspressuremeasurements.
ofthestaticpressureinthecombustionchambertakenat significant
datapointsareshowninfigure5. IncludedWitheachtraceisthe

.
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informationconcerningconfiguration,arearatio A3/A.oandresonator
condition.Thetheoreticalfrequencyindicatedisthevaluecomputed .

fromequation(2).

l?i@re5(a)isa tracetakenwiththeramJetalone,whereas
figures5(b)and5(c)weretakenwiththe8-inchand$-inch
resonatorsinstalled.InfiguresS(b)and5(c)thepistonisator
nearthebottom(zerovolume)oftheresonatorcatity.Thesetraces
showthetypeofpulsingoccurringatrsm-jetarearatiosslightly
beiowpeakrecovery.Ifthefrequencyis calculatedby countingthe
totalnumberofpulseswithoutregsrdto amplitude,thebuzzfrequency
is34 cyclespersecond.Thefrequencyof thelargesmplitudeoscil-
lationisbetween19and20 cyclespersecond.Thesimil~ityofthe
waveformsin thesethreetracesindicatesthattheeffectoftheneck
of eitherresonatorissmellwhenthepistonisat ornearitsbottom
position. 8

A comparisonoffigures5(d)and5(c)illustratesthemostsQnifi-
cantresultoftheinvestigation.Infigure5(d)thevolumeof the
~-inchresonatorcavityhasbeenincreasedto correspondto a theo-
reticalfrequencyof48 cyclespersecond.Thelargesmplitudepulse
hasbeencompletelydampedout,leavingonlya verysmallsmplitude
pulsewitha frequencyof53 cyclespersecond.Movementof thepiston
showedthatdempingpersistedovera bandof theoreticalresonator
frequenciesrangingfrom43 to64 cyclespersecond.Buzzingreoc-
curredatresonatorvolumescorrespondingto theoreticalfrequencies.
aboveorbelowthesevalues.The3&inchresonatordidnotdampthe
pulsationsatarearatiosexceptthoseimmediatelybelowpeakrecovery,
nordidit showanyeffectontinewaveformattheotherarearatios
whereit wasnotef~ectiveindamping.

Figure5(e)istypicalof thetypeofpulsingencounteredwithall
configurationsforarearatiosbelowapproximately0.500,whichfor
thiscurvewasobtainedwiththe8-inchresonatorinstalled.Inthis
rangeof arearatios,thepulsinghaschangedtooneof a regular
sinusoida3nature,withlittlechangeinfrequencyandamplitudefor
valuesof A3/~ lessthan0.500.

Increasingthevolumeof the8-inchresonatorproducesa marked
changein thetypeofpulsing,as showninfigure5(f).A compmison
offigures5(f)and5(e)illustratesthedrasticchangeinwaveform
enda reductioninfreqyencyfrom41 to11 cyclespersecond.The
effecthasbeento coupletheeffectivevolumeoftheair intheram
jetwiththatin theresonator.Equation(3)showsthataneffective

.
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increasein v wouldlowertheresonantfrequencyof theram-jet
resonatorcombination.Thislowering of theresonantfrequencyand
changeofwaveformwasnotedovertheentirerangeof arearatios
forwhichbuzzingoccurred.

ShockOscillation

Thechronologicallyarrangedselectedlframesfromhigh-speed
schlierenpicturesshowninfigures6(a]and6(b)correspondto the
conditionsoffigures5(c)and5(d),respectively.Thephotographs
offigure6(a)correspondto thechangesinflowpatternoccurring
duringonelargeoscillationfollowedby onesmalloscillation,as
shownin thetraceof figure5(c).Thephotographsof 6(b)correspond
to a singleoscillationoffigure5(d).Alongwiththedampingof
thepressurepulsations,theeffectoftheresonatorhasbeento
changethemodeofoscillationof thebowwave. Beforedamping
(fig.6(a}) theshockalternatelyoscillateson thespikeandthen
witha largeramplitudecompletelyoffthespikeintothefreestream.
Inthedampedcondition(fig.6(b))theshockstilloscillateswith
a lowsnrplitudeandremainson thespike

● DiffuserPressure.

Theeff~ctof theresonatorson the
diffuseris showninfigure7. Alldata

atalltimes.

Recovery

pressurerecoveryof the
pointsexceptthoseindicated

by srrowscorrespondtominimumresonatorvolume.Dampingof the
z

pressurepulsationsby the~inch resonatorincreasedthediffuser
pressurerecovery4 percent,-asindicatedby thetailedsquaresymbol
atan arearatioA3/A.oof0.555.At A3/Ao of0.430,increasing
thevolumeof the8-inchresonatorfirstdecreasedthediffuser
pressurerecoveryslightly,thenincreasedit to a valueapproximately
2 percenthigherttianthepressurerecoveryforthezero-volume
condition.The8-inchresonatorsimilarlyeffectedthepressure
recoveryforallarearatiosatwhichbuzzoccurred.

VariationofPulseStrength

Thevariationofpulses+=engthwitharearatiois shownin
f5gure8. Pulsestrengthis definedas thedifferencebetweenmaximum
andminimuminstantaneouspressures.Thepulsestrengthremained

. relativelyunchangedfroma pointslightlybelowthearearatiofor
peakpressurerecoverytotinefullyclosedposition(A#~ = O).

.
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Forthediffuseraloneand
at zerovolume,thisvalue

thediffuserwiththe8-inchresonator
wasequslto5.7poundspersquareindj

.

forthediffuserwiththe&inch resonatoratminimumvolume,the

valuewasequalto3.4poundspersquareinch.Thisapperentdis-— B
crepancyisbelievedtoresultfromthefactthatthe~inch resonator ‘K&l

didnotoperateat zerovolumeduetoanobstructiontothemovement
ofthepiston.Theeffectof thenonzerovolumeseemstohavebeento
reducethestrengthofthepulsewithouteffectingitsform(fig.5(c)].
Thetailedsquaresymbolatan arearatioof 0.555indicatesthelarge
decreaseinpulsestrengthfroma valueof3.6to 0.5poundspersqusre
inchwhentheresonatorwaseffectiveindsmpingthepulsations.

CorrelationofTheoretical.andExperimentalBuzzFrequencies

A determinationoftheoreticalram-jetbuzzfrequenciesrequires
a knowledgeofthevariationofdiffuserpressurerecoverywith
diffusermass-flowrate.A plotofthesedatafortheconfiguration
investigatedispresentedinfigwre9. Experimentalbuzzfrequencies
as a functionofarearatioarepresentedinfigure10. Includedin
figure10 isa theoreticalcurvegivingtheestimatedbuzzfrequency
forthedatapointsoffigure9 as calculatedfromequ%tion(3). The

dp2/%
maximumtheoreticalfrequencycorrespondingto ~ = O wasca3.cu-

latedtobe

frequencies

matelyzero

45.3cyclespersecond.Experimentalv&zes ofbuzz
~2/%forarearatiosatwhichtheslqe — wasapproxi-
dmz‘

rangedfrom44 to54 cyclespersecond.At values of the

.

.

dP2/P()
srearatiowheretheslope— waspositive,thetrendof thedmz
e~erimentaldatashowscloseagreementwiththetheoreticalcurve.
Thiscorrelationbetweenexperimentalandtheoreticalbuzzfrequencies
appearstoverifytheuseof equation(3)forapproximateprediction
ofthe-buzzfrequenciesofa ram-jetconfiguration.

CONCLUDINGRl!WRK8

Theexperimentalresultsofthisinvestigationhaveshownthatthe
3~-inchresonatoreffectivelydsmpedpressurepulsationsassociated
withthebuzzphenomenonfora verynsrrowrangeofoperatingconditions.

.. .-

Dampingthepressurepulsationsresultedina 4-percentincreasein
.

~M. .*
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diffuserpressurerecovery.Neitherresonatordampedthepulsations
overthecompleterangeof operatingconditions,whichmaybe dueto

b thedependenceof theefficiencyof a resonatoron itsgeometry.No
attempthasbeen madetodetermineoptimumresonatordimensionsin
thisinvestigation.

Whenthe~inch resonatorwaseffectiveindampingpressure

pulsations,itwastunedfora rangeoftheoreticalfrequenciesfrom
43to 64 cyclespersecond.The@se frequencybeforedemping,
calculatedwithoutregardto theamplitudeofadjacentpulses}was
34 cyclespersecond.Viscouseffectsin theneckandpossibleleak-
agepastthepiston,whichwouldeffectivelylowertheestimated
theoreticalfrequencyof theresonator,mayaccouutforthisdiscrepancy.
Estimationof themagnitudeoftheseeffectswasnotpossible.

LewisFlightPropulsionLaboratory,
NationelAdtisoryCommitteeforAeronautics,

Cleveland,Ohio.
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Figure 10 - Helmholtzresonator.
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(a)Diffuser,no resonator;A3/AO,0.555.

(b)Diffuserwith8-inchresonator;A3/Ao,0.555$
resonatorcondition,O volume.

m

(d)Diffuserwith3~-inchresonator;A3/AO,0.555;resonator
.

(e)Diffuserwith8-inchresonator;A3/Ao,0.430;
resonatorcondition,O volume.

///’/ ///////////////////////////I

III II I I III II

(f)Diffuserwith8-inchresonator;A3/A0,0.430;resonator
condition,ftheor.,20 cyclespersecond.

T

Figure5. - Typical instantaneouspressuremeasurements.
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